AD-A040  860 


UNCLASSIFIED 


REMTECH  INC  HUNTSVILLE  ALA  F/6  20/4 

AN  INVESTIGATION  OF  FLOW  AND  STABILITY  CHARACTERISTICS  FOR  A BO— ETC (U) 
MAY  77  C W DAHLKE  DAAK40-77-C-0008 


RTR-026-1 


DRDMI-TD-77-11 


TECHNICAL  REPORT  TD-77-1 1 


AN  INVESTIGATION  OF  FLOW  AND  STABILITY  CHARACTERISTICS 
FOR  A BODY  OF  REVOLUTION  WITH  FINS  AND  FLARE  IN  PRESENCE 
OF  PLUME  INDUCED  SEPARATION  AT  MACH  NUMBERS  0.7  TO  1.4 


Aeroballistics  Directorate 
Technology  Laboratory 


wV!  . » 

i ■ 1 1 , i ’ 


. \ 

. vlw  . *.  V ^ ^ ii* 


May  1977 


LJ 


jum  2i  isn 


Approved  for  public  release;  distribution  unlimited. 


CV7 


US  Army  Missile  Research  and  Development  Command 
Redstone  Arsenal,  Alabama  35809 


DISPOSITION  INSTRUCTIONS 


DESTROY  THIS  REPORT  WHEN  IT  IS  NO  LONGER  NEEDED.  DO  NOT 
RETURN  IT  TO  THE  ORIGINATOR. 


DISCLAIMER 

THE  FINOINGS  IN  THIS  REPORT  ARE  NOT  TO  BE  CONSTRUED  AS  AN 
OFFICIAL  DEPARTMENT  OF  THE  ARMY  POSITION  UNLESS  SO  DESIG- 
NATED BY  OTHER  AUTHORIZED  DOCUMENTS. 


TRADE  NAMES 

USE  OF  TRADE  NAMES  OR  MANUFACTURERS  IN  THIS  REPORT  DOES 
NOT  CONSTITUTE  AN  OFFICIAL  INDORSEMENT  OR  APPROVAL  OF 
THE  USE  OF  SUCH  COMMERCIAL  HARDWARE  OR  SOFTWARE. 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  (When  Data  Entered) 


READ  INSTRUCTIONS 


REPORT  DOCUMENTATION  PAGE 


BEFORE  COMPLETING  FORM 


3.  RECIPIENT’S  CATALOG  NUMBER 


REPORT  NUMBER 


|2.  GOVT  ACCESSION  NO. 


TYPE  of  report  a period  covered 


TITLE  (and  Subti  UoX  . *— 1 — ■ ■ 

An  Investigation  of  Flow  and  Stability  Charac 
teristics  for  a Body  of  Revolution  with  Fins 
and  Flare  in  Presence  of  Plume  Induced  Separa 
tion  at  Mach  Numbers  0.7  to  1.4  , ■ 


Technical  fjtepart 


6.  PERFORMING  ORG. 


Rf  NUMBER 


CONTRACT  OR"  GRANT  NUMBERS) 


AUTHORfaJ 


10  PROGRAM  ELEMENT.  PROJFCT.  T ASK 


PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 


AREA  4 WORK  UNIT  NUMBERS 


Commander,  US  Army  Missile  Research 
and  Development  Command 
ATTN:  DRDMI-TD 


Redstone  Arsenal,  Alabama  35809 


12.  REPORT  DATE 

May  977  / 

13.  NUMBER  OF  PAGES 


I.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

Commander,  US  Army  Missile  Research  / ' 

and  Development  Command 
ATTN:  DRDMI-TI 

Redstone  Arsenal,  Alabama  35809 

4.  MONITORING  AGENCY  NAME  a AODRESSf//  different  from  Controlling  Office) 


15.  SECURITY  CLASS,  (of  thle  report) 


15a.  DECL  ASSI  FI  CATION  DOWN  GRADING 
SCHEDULE 


16.  DISTRIBUTION  STATEMENT  (of  thle  Report) 


Approved  for  public  release,  distribution  unlimited 


17.  DISTRIBUTION  STATEMENT  (of  the  abstract  entered  In  Block  20,  If  different  from  Report) 


IB  SUPPLEMENTARY  NOTES  i *. 

This  report  was  prepared  from  data  plotted  by^REMTECH,  Inc.,  Huntsville,  AL. 
All  data  presented  are  in  a data  base  maintained  by  REMTECH  and  are  available 
in  tabular  or  magnetic  tape  form. 


19  K Y WORDS  ( Continue  on  reverse  side  it  necessary  and  identify  by  block  number) 

Thrust  Effects  Plume 

Longitudinal  Stability  Boundary  Layer  Separation 

Plume  Effects 
Base  Pressure 


to\ABS TRACT  (Continue  on  reveres  side  If  neceeearv  and  Identify  by  block  number1 


^^The  results  of  a wind  tunnel  test,  simulating  rocket  motor  exhaust 
jet  effects  on  missile  aerodynamics  at  Mach  numbers  of  C.7  to  1.4  are  pre 
sented.  A normal  jet  plume  simulator  was  used  to  induce  afterbody  bound- 
ary layer  separation.  Flow  visualization  techniques  including  both 
shadowgraph  and  oil  flow  photographs  were  taken.  The  primary  emphasis 
for  this  report  is  the  force  and  moment  measurements  taken  on  twelve 
configurations  including;  five  tail  fin  configurations;  body  alone;  ■ — * 


FORM 
1 JAN  73 


EDITION  OF  t NOV  65  IS  OBSOLETE 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  'When  Date  Entered' 


f 

Unclassified 

1 

SECURITY  CLASSIFICATION  OF  THIS  PAGE(TW»«n  Dmtm  Enfrmd) 

three  forward  fin  configurations;  body  flare  combination;  and  two  com- 
binations of  forward  fins/strakes  witn  tail  fins.  All  force  and  moment 
coefficients  are  presented  in  plotted  form.  One  configuration  is  shown 
with  ground  plane  interference  simulation. 


SECURITY  CLASSIFICATION  OF  THIS  P AGCrWh*n  Dmtm  Bntmrmd) 


TABLE  OF  CONTENTS 


PAGE 


I.  INTRODUCTION  3 

II.  APPARATUS 4 

TEST  FACILITY 4 

MODEL 4 

INSTRUMENTATION  6 

III.  TEST  PROCEDURES  AND  CONDITIONS 6 

IV.  DATA  7 

REDUCTION  7 

UNCERTAINTY  7 

PRESENTATION  OF  RESULTS  7 

APPENDIX  A - PLOTS  OF  BASIC  DATA 


APPENDIX  B - SLOPES  AT  ZERO  ANGLE  OF  ATTACK 


1 


INDEX  OF  TABLES 


TABLE  DESCRIPTION  PAGE 

I MODEL  GEOMETRY  12 

II  NOMINAL  TEST  CONDITIONS 12 

III  NOMINAL  PLUME  SIMULATOR  CHAMBER  PRESSURE  . . 13 

IV  DATA  UNCERTAINTY 13 

V DATA  SET  SUMMARY 14 

VI  SUMMARY  OF  STABILITY  DERIVATIVES  21 

INDEX  OF  FIGURES 

FIGURE  DESCRIPTION  PAGE 

1 SCHEMATIC  OF  MODEL 25 

2 INSTALLATION  PHOTOGRAPHS  26 

3 COMBINED  OIL  FLOW/ SHADOWGRAPH 

BODY  ALONE,  M =1.25,  CRT=0,  cel0 30 

4 COMBINED  OIL  FLOW/SHADOWGRAPH 

BODY  ALONE,  M%=1 .25,  CRT=4.2,  cel0 31 

5 COMBINED  OIL  FLOW/SHADOWGRAPH 

BODY  ALONE,  M =1.25,  CRT=7.2,  cel0 32 

oo 

6 COMBINED  OIL  FLOW/SHADOWGRAPH 

BF5,  M =1.25,  CRT=7.2,  cel0 33 

7 COMBINED  OIL  FLOW/SHADOWGRAPH 

BF7S1,  M =1.25,  CRT=7.2,  cel° 34 

8 BASE  PRESSURE  RATIO  VERSUS  CRT 35 

9 ROLLING  MOMENT  COEFFICIENT,  MACH=1 .25  ...  36 

10  ROLLING  MOMENT  COEFFICIENT,  BODY  ALONE  ...  39 

11  STABILITY  COEFFICIENT  DERIVATIVES, 

CRT=0.0 40 

12  CENTER  OF  PRESSURE  FROM  NOSE  AND  ZERO 

LIFT  FORE  DRAG 45 


2 


I.  INTRODUCTION 


The  objective  of  this  test  was  to  study  several  techniques  for 
improving  static  aerodynamic  stability  for  missiles  with  large  rocket 
motor  plumes.  Flow  phenomena  were  recorded  through  both  oil  flow  and 
shadowgraph  for  seven  of  the  thirteen  configurations  that  were  tested 
during  the  force  phase.  This  report  documents  primarily  the  data  from 
the  aerodynamic  force  measurement  phase.  Subsequent  reports  will  in- 
clude more  detail  analysis  with  data  from  the  visualization  phase.  All 
testing  was  conducted  in  the  Aerodynamic  Wind  Tunnel  (IT)  of  the  Arnold 
Engineering  Development  Center  (AEDC)  Propulsion  Wind  Tunnel  Facility 
(PWT) . 

It  has  been  shown  (reference  1)  that  longitudinal  location  of  fin 
stabilizers  may  be  adjusted  to  improve  aerodynamic  stability  for  par- 
ticular plume-missile  configurations  that  have  afterbody  boundary  layer 
flow  separation.  Location  of  fins  forward  of  the  missile  body  base  may 
not  be  feasible  in  some  cases,  and  it  could  further  complicate  the 
structural  considerations  of  hardware  des The  model  for  this  test 
was  designed  so  that  aerodynamic  stability  could  be  studied  for  config- 
urations with  geometric  modification  to  aft  mounted  fin  stabilizers. 
These  were:  extended  fin  exposed  span,  fin  body  gap,  and  extended  fin 

chord.  Two  additional  configurations  were  introduced:  strakes/fin- 

strake  combinations  and  a forward  mounted  flare.  All  of  these  were 
covered  in  the  thirteen  configurations  tested.  A normal  jet  plume 
simulator  was  used  to  induce  the  afterbody  boundary  layer  separation. 
One  series  of  test  throughout  the  Mach  number  range  of  0.7  to  1.4  was 
conducted  with  a solid  bottom  tunnel  wall  replacing  the  normal  per- 
forated wall.  This  was  implemented  to  provide  nose  bow  shock  reflec- 
tions and/or  ground  plane  interference  effects  on  aerodynamic  stability 
with  plume  simulated  boundary  layer  separation. 
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II.  APPARATUS 

A.  Test  Facility  Description  and  Operation. 

The  AEDC-PWT  Aerodynamic  Wind  Tunnel  (IT)  is  a continuous  flow,  non- 
return facility,  with  Mach  number  capability  from  0.2  to  1.5.  The  tun- 
nel total  pressure  is  essentially  nonvariant  at  approximately  2850  psfa 
with  +5  percent  variation.  The  total  temperature  variation  can  be  con- 
trolled from  80  to  120  degree  F.  The  test  section  is  one  foot  square 
and  37.5  -'nches  long  with  6 percent  porosity  with  all  four  perforated 
walls  installed.  During  the  visualization  phase  the  sidewalls  were  re- 
placed with  solid  transparent  walls,  and  during  the  force  test  sim- 
ulating ground  plane  interference  the  bottom  wall  was  replaced  with  a 
solid  floor.  A more  detailed  description  of  the  IT  facility  may  be 
found  in  the  AEDC  Test  Facility  Handbook  (reference  2). 

B.  Model 

The  model  was  a sting  mounted  body  of  revolution  having  a diameter 
of  1.1  in.  It  had  a 3-caliber  tangent  ogive  nose  with  a 7.4  caliber 
cylindrical  afterbody,  making  a total  length  of  10.4  calibers  (11.44  in.), 
figure  1.  Five  tail  fins  were  added  to  give  six  arrangements  of:  two 

exposed  span  variations  (F2,  F5);  three  fin  root  chord  body  gaps  (F5, 

F6,  F7);  two  chord  variations  (F2,  F8);  and  F2  rolled  45°  to  the  "X" 
position.  Three  fins  were  mounted  forward  of  the  base;  SI,  S2  and  F2. 

Fins  SI  and  S2  are  referred  to  as  "strakes"  and  are  mounted  with  their 
trailing  edge  1.5  calibers  from  the  base.  Fin  F2  was  mounted  with  the 
trailing  edge  1.65  calibers  from  the  base.  Combinations  of  the  small 
strake  SI  and  tail  fins  F5  and  F7  were  also  tested.  A truncated  cone 
"flare"  one  caliber  long  was  added  with  the  flare  base  one  caliber  from 
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the  body  base.  The  flare  height  and  the  exposed  span  of  strake  SI  were 
made  to  be  the  estimated  boundary  layer  thickness  for  the  model  in  the 
IT  test  section.  Strake  S2  was  made  to  be  two  boundary  layer  thick- 
nesses. Fin  F2  and  the  body  were  made  to  be  geometrically  similar  to 
previous  models  tested  at  CALSPAN,  and  AEDC,  PWT  16T,  reference  1. 

These  configurations  are  shown  in  figure  1 and  table  I.  Installation 
photographs  of  each  of  these  are  shown  in  figure  2.  Many  other  arrange- 
ments are  available  with  this  model.  The  plume  simulator  is  identified 
on  the  first  of  the  photographs  of  figure  2.  Geometric  similarity  be- 
tween this  plume  simulator  and  the  larger  model  simulator,  reference  1, 
was  maintained  where  possible.  Total  radial  flow  from  the  plume  sim- 
ulator is  from  12  holes  5/64  in.  diameter  equally  spaced  around  the  cir- 
cumference of  the  simulator,  located  0.73  in.  aft  of  the  model  base. 

Both  the  larger  plume  simulator  and  this  simulator  had  a total  sonic 
jet  orifice  area  of  6.0%  of  the  model  cross-sectional  area  with  the 
centerline  of  the  orifice  0.66  body  diameters  (calibers)  aft  of  the 
body  base.  Due  to  structural  considerations  the  simulator  diameter 
to  model  diameter  ratio  could  not  be  matched.  The  simulator  was  tested 
for  both  leaks  and  structural  integrity  up  to  approximately  2000  psi 
chamber  pressure.  The  simulator  used  in  this  test  was  0.815  in.  in 
diameter  for  a simulator  to  model  diameter  ratio  of  0.74  as  compared  to 
0.60  for  the  larger  model,  reference  2.  Detailed  descriptions  of  the 
plume  simulator  and  all  model  parts  including  sting  and  adapter  are  con- 
tained in  MIRADC0M  drawings  RDK-13900  series. 

C.  Instrumentation 

Force  and  moment  measurements  were  made  by  an  AEDC  six-component 
internal  3/4  in.  strain-gage  balance,  6-.75-.040-.52  mf.  Two  model 
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base  pressures  and  the  plume  simulator  chamber  pressure  were  measured 
with  transducers  and  plumbing  integal  to  the  sting-simulator  hardware. 
Plume  simulator  chamber  temperature  was  measured  with  an  internal  iron- 
constantan  thermocouple. 

III.  TEST  PROCEDURES  AND  CONDITIONS 

The  test  was  conducted  through  a Mach  number  range  of  0.7  to  1.4. 
Tunnel  and  atmospheric  conditions  prevented  obtaining  a tunnel  section 
Mach  number  of  1.5.  Tunnel  total  temperature  was  varied  from  125  to 
180°  F as  required  to  prevent  moisture  condensation  in  the  test  section. 
The  nominal  tunnel  test  conditions  are  summarized  in  table  II. 

Data  for  single  run/part  number  were  obtained  by  varying  angle-of- 
attack  with  Mach  number  and  plume  simulator  chamber  pressure  held  con- 
stant. Angle-of-attack  was  nominally  varied  from  -3  to  4 degrees  at 
zero  yaw  and  roll  "+"  attitudes.  Angle-of-attack  was  varied  up  to  +6 
degrees  for  the  runs  with  the  ground  plane  simulation,  and  two  config- 
urations were  run  with  a 45  degree  "x"  roll  angle.  The  plume  simulator 
air  supply  was  adjusted  to  give  the  preselected  chamber  pressure  that 
gave  the  desired  radial  thrust  coefficient  (CRT)  for  the  tunnel  test 
section  conditions.  The  values  for  chamber  pressure  at  specified  values 
of  CRT  along  with  the  expression  for  computation  is  contained  in  table 
III.  The  mass  flow  rate  varied  up  to  1.5  - 2.0  pounds  per  second. 

During  the  shadowgraph  and  oil  flow  phases  pictures  were  taken  pri- 
marily at  angles  of  attack  of  0,  1,  and  2 degrees.  Force  and  moments 
were  not  recorded  during  the  visualization  phase  of  testing.  The  com- 
position of  oil  used  was  1 part  titanium  dioxide,  2 parts  oil  (mobil 
DTE  heavy-medium  duty  oil)  and  1 - 2 drops  oleic  acid  per  quart  of  above 
mixture. 
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IV.  DATA 


A.  Reduction 

All  balance  force  coefficients  are  referenced  to  the  cross-sectional 
area  of  the  body,  0.95033  sq.  in.  The  moment  reference  center  is  lo- 
cated at  model  station  5.83  inches  aft  of  the  nose  or  at  5.1  calibers 
forward  of  the  body  base.  The  moment  coefficients  are  referenced  to 
the  body  cross-sectional  area  times  the  body  diameter  (1.1  in.).  The 
sign  convention  is  the  standard  body  axis  system,  positive  nose  up  and 
right  (climbing  right  turn).  The  two  base  pressures  were  averaged  and 
ratioed  to  the  free  stream  ambient  pressure.  The  computation  method 
of  the  radial  thrust  coefficient,  and  values  obtained  during  the  test 
are  listed  in  table  III.  Corrections  to  angle-of -attack  were  made  for 
sting  and  balance  deflections  caused  by  aerodynamic  loads  and  model 
weight. 

B.  Uncertainty 

Data  uncertainty  was  estimated  by  AEDC  for  a confidence  level  of 
95  percent.  The  values  shown  in  table  IV  are  based  on  the  uncertainty 
of  both  balance  measurements  and  tunnel  conditions. 

C.  Presentation  of  Results 

This  report  presents  the  results  of  the  force  phase  of  this  test. 
Table  V contains  a complete  run  log  for  both  the  oil  flow  and  shadow- 
graph phases  along  with  the  force  measurement  runs.  During  the  initial 
part  of  the  testing  strain  gage  balance  drift  caused  by  a lead  length 
temperature  compensation  problem  was  excessive.  Because  of  this  part 
(run)  numbers  through  50  are  not  included  in  the  presentation  with  the 
exception  of  Mach  number  1.35  data.  Most  of  these  data  were  Repeated, 
and  are  presented  in  Appendix  A. 
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1.  Visualization  Results 

Approximately  145  oil  flow  and  138  shadowgraph  photographs  were 
taken  at  discrete  Mach  number,  angle  of  attack,  and  simulated  thrust 
levels.  A number  of  the  70  mm  oil  flow  prints  have  been  enlarged,  then 
superimposed  onto  the  full  sized  shadowgraph  prints  to  provide  visual- 
ization of  the  combined  body  surface  and  external  flow  patterns  at 
matching  flow  and  plume  simulator  conditions.  Sample  combined  prints 
with  jet-off  and  two  simulator  pressures  for  body  without  fins  are  shown 
for  Mach  number  1.25  at  one  degree  angle-of-attack  on  figures  3 through 
5.  Figure  6 shows  the  large  fin-body  (BF5)  and  figure  7 the  combination 
of  strake  and  gap  fin  (BF7S1 ) for  CRT  = 7.2.  Analysis  of  the  visuali- 
zation results  and  how  they  are  related  to  and  aid  in  interpretation  of 
force  data  is  incomplete. 

2.  Force  and  Moment  Results 

The  stability  coefficients,  normal  force,  side  force,  pitching 
moment,  and  yawing  moment  are  shown  in  Appendix  A for  all  configurations. 
The  base  pressure  ratio  as  a function  of  CRT  at  the  various  Mach  numbers 
are  shown  in  figure  8.  It  should  be  pointed  out  here  that  the  base  pres- 
sure and  especially  the  point  of  flow  separation  - boundary  layer  sep- 
aration - on  the  afterbody  is  significantly  affected  by  the  condition 
of  the  body  approach  boundary  layer.  In  addition  to  boundary  layer 
properties  of  temperature,  Reynolds  number  and  turbulence,  the  thickness 
must  be  considered  when  comparing  these  results  to  either  similar  tests 
or  prototype  versions.  However,  the  trends  that  exist  for  increases  in 
simulator  (CRT)  magnitude,  Mach  number,  angle-of-attack  and  limited 
comparisons  between  configurations  should  represent  qualities  of  all 
similar  situations.  Samples  of  the  rolling  moment  coefficients  are 
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shown  in  figures  9 and  10.  The  data  shown  in  figure  9 are  all  at 
Mach  1.25  for  cases  where  the  variations  in  side  force  and  yawing  mo- 
ment (Appendix  A)  are  quite  large.  Body  alone  data  - jet  off  - is  shown 
in  figure  10.  All  coefficients  will  be  retained  for  future  reference. 

The  stability  derivatives  over  the  linear  portion  of  the  normal 
force  and  pitching  moment  curves  near  zero  angle-of -attack  (generally 
“1.5  _5  * _5  1*5  degrees)  are  presented  in  Appendix  B for  all  configur- 
ations tested.  A list  of  all  of  these  slopes  are  contained  in  table  VI. 
Comparisons  of  the  jet  off  stability  and  forebody  axial  force  coeffi- 
cients are  shown  in  figures  11  and  12. 
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NOMENCLATURE 


SYMBOL 

PLOT 

SYMBOL 

DEFINITION 

b/2 

fin  chord  length,  in. 

c 

fin  exposed  semi -span,  in 

CA 

axial  force  coefficient 

uo 

CDo 

fore  drag  coefficient,  total  less  base  drag 

Cl 

Cl 

rolling  moment  coefficient 

Cm 

r 

lLM 

pitching  moment  coefficient 

Cn 

CLN 

yawing  moment  coefficient 

CN 

CN 

normal  force  coefficient 

a 

CMa,  CM 

malpha 

pitching  moment  slope  at  zero  angle  of  attack 

CN 

a 

CNa,  C.. 

nalpha 

normal  force  slope  at  zero  angle  of  attack 

cY 

CY 

side  force  coefficient 

CRT 

CRT 

radial  thrust  coefficient 

t * 
ref 

LREF 

reference  length,  in. 

M*. 

tunnel  test  section  Mach  number 

Pb/Pi 

base  to  tunnel  static  pressure  ratio 

pt 

tunnel  stagnation  pressure,  psfa 

tunnel  test  section  dynamic  pressure,  psf 

rn 

Reynolds  number,  per  foot 
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NOMENCLATURE  (Continued) 


PLOT 

SYMBOL 

DEFINITION 

Sref 

SREF 

reference  area  used  to  reduce  data  to 
coefficient  form,  in. 

t 

fin  thickness,  in. 

Xcp 

XCP 

center  of  pressure  in  calibers  from  nose 

Y 

mrp 

XMRP 

moment  reference  point  on  X axis 

a 

ALPHA 

angle  of  attack,  degrees 

<i> 

PHI 

•angle  of  roll,  degrees 

n 


TABLE  r 


MODEL  GEOMETRY 


Config. 

(in.) 

b/2 

(in.) 

Gap 
(in. ) 

t 

(in.) 

Profile 

Remarks 

B 

- 

-- 

— 

- 

— 

- 

-- 

Body  alone 

F2 

0.66 

0.55 

0. 

0 

0.033 

1 /4c 

Wedqe 

Fin 

L 

Flat 

Plate 

F5 

1.32 

r 

F6 

1 .045 

0. 

275 

F7 

0.77 

0. 

55 

J 

F8 

2. 

31 

0.55 

0.0 

1 

f 

*S1 

1. 

10 

0.15 

Flat  with 

Strake 

Round  L.E. 

S2 

0.30 

1 

t 

f 

1 

J 

< 

**FL 

t 

0.15 

' 

... 

— 

— 

Flan 

2 Anqle 
.75° 

— 



* Trailing  edge  of  strakes  1.50  calibers  from  base. 
**  Flare  base  1.0  caliber  from  base. 
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TABLE  III 

NOMINAL  PLUME  SIMULATOR  CHAMBER  PRESSURE 
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MACH 
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3 

4.2 

6 

7.2 

9 

12 

18 
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281 

397 
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783 
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0.9 

227 
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376 

533 
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794 

1056 

1579 

1.0 

249 

297 

412 

585 

701 
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1740 

1.1 

265 

317 

441 
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936 

1246 

1.25 

281 

336 

467 

665 

797 

995 

1.4 

285 

341 

476 

678 

CRT  = A 

where 

nj  <0-5283  « Pc 

(1.4  x 

V * ’> 

- P$/144) 

' <\ef 

x q/144) 

A . = 
nj 

Total 

exit  area, 

12  orifices 

Anj/Aref  =0.06 

M.  = Sonic  jet  (M=1.0) 

J 

q = Free  stream  dynamic  pressure,  psf 
Pc  = Chamber  pressure  in  simulator,  psi 
P$  = Tunnel  static  pressure,  psf 
Pt  = 2850  psi  --  tunnel  total  pressure 
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13 
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TABLE  V.  DATA  SET  SUMMARY  (continued) 
FORCE  AND  MOMENT  PHASE  (concluded) 
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TABLE  V.  DATA  SET  SUMMARY  (continued) 
OIL  VISUALIZATION  PHASE  (continued) 


TABLE  V.  DATA  SET' SUMMARY  (continued) 
OIL  VISUALIZATION  PHASE  (concluded) 


TABLE  V.  DATA  SET  SUMMARY  (continued) 
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TABLE  V.  DATA  SET  SUMMARY  (concluded) 
SHADOWGRAPH  VISUALIZATION  PHASE  (concluded) 
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TABLE  VI.  SUMMARY  OF  STABILITY  DERIVATIVES  (concluded) 
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FIGURE  2.  INSTALLATION  PHOTOGRAPHS 
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FIGURE  2.  CONCLUDED 
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FIGURE  3.  COMBINED  OIL  FLOW/SHADOWGRAPH 
BODY  ALONE,  M^l.25,  CRT=0,  a=l° 
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FIGURE  1 1-CoTitinaed 


svn  CONF 


r 


—I 

CjU. 

o \ 

03  03 


o >: 


• 

o 

z 

X 

<_> 

<x 


Q. 

O 

X 


o 

o 

o 


45 


FIGURE  12-CENTER  OF  PRESSURE  FROM  NOSE  AND  ZERO  LIFT  FORE  DRAG 
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FIGURE  12-Continued 
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FIGURE  12-Continued 
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